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INTRODUCTION 


This final report documents the results of a Space 
Transportation System ascent trajectory dispersion analysis performed by 
Dynetics, Inc. under contract to the Marshall Space Flight Center 
(MSFC) of the National Aeronautics and Space Administration (NASA). The 
purpose of this dispersion analysis is to provide critical trajectory 
parameter values useful -l^or the definition of "lightweight" external 
tank insulation requi rements . The "lightweight" external tank is a 
developmental subsystem of the Space Shuttle. 

This analysis has been conducted using two of the critical 
missions specified for the Space Transportation System. The first 
mission, referred to as Mission 1, is a 28.5“ inclination trajectory 
launched from the Eastern Test Range (ETR). For purposes of selecting a 
critical heating mission, a winter launch has been assumed. The second 
mission. Mission 3A, is a Western Test Range (WTR) trajectory launched 
into a 104“ orbital inclination. A winter launch has also been selected 
for severity of the heating environment and for comparison with the 
Mission 1 trajectory. Using these two missions, separate analyses have 
been performed which have consisted of the following steps: 

1. Nominal trajectories have been simulated under the 
conditions as specified by baseline reference mission 
guidel ines . 

2. Dispersion trajectories were simulated using predetermined 
parametric variations which spanned the +3o dispersion 
limits. Dispersion parameters were selected to represent 
error sources sterrming from propulsion uncertainties 
aerodynamic/environmental errors, mass property 
inaccuracies, and guidance, navigation and control (GN&C) 
errors. 

3. Since the dispersion parameters are assumed to be 

independent variations, the requirements for a +3r 
aerodynamic heating trajectory have been determined by the 
root-sum square HSS) of the positive deviations of the 
aerodynamic heating indicator tine histories between the 
dispersion trajectories and the nominal trajectory. A +3 i 
trajectory has been used to represent the worst heatino 
case. ^ 
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Pr1n.33; 3S3t\?b'„?3?n''-'°" -"'P'- represented 

seoSratIi*'^r°?k' "'"'^ histories were then applied 

33?3«1^rde‘?tc‘?te3°:;3n33h';?33l:3:!' - 

Trajectory parameters associated with the eight wind cases the 
cjtite trajectories, and the «SS analysis were deiioered as compeer 
ftles to the Government. Files associated with Missions 1 and 3A am 
resident on the MSFC Unisac computer system. 

s HH- -a provides a summary of the analysis and is 

subdivided in the same manner as the analysis steps. Section ? 

describes the nominal trajectory reguirements for Missions 1 and 3A 
These reguirements are primarily based on inputs provided by Rockweil 
nternationa, and MSFC. Section 3 summarizes the parameters used ,n the 
ispersion analysis and discusses the RSS analysis. Section 4 discusses 
formulation of the composite trajectories and wind related 

the various analyses, a description of the RSS analysis 
computer model, and a discussion of interpretations applicable to the 
computer output files mentioned above. 
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2. mission 1 A ND MISSION 3A NOMINAL TRAJECTORY REQ UIREMENTS 


Presented in Appendices A and B are the input requirements for 
the baseline nominal trajectory simulation of 'lission 1 and Mission 3A, 
respectively. This input was used in the MSFC resident six-deqree-of- 
freedotn (6-DQF) STAR 6D computer simulation. In order to simulate the 
maximum heating trajectory, the abort-once-around (AOA) node of 
operation was chosen. This mode requires that an engine out be 
simulated at the AOA/return-to- 1 aunch-site (RTLS) mode boundary and 
retargeted to the AOA terminal main engine cutoff (MECO) condition. 
Because of the need to establish maximum heating requirements, the 
trajectory to nominal MECO conditions was not simulated. 

Verification of the baseline trajectories was performed by 
detailed comparison of trajectory parameters to similar trajectories 
developed by Rockwell International. 
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3. DISPERSION PARAMETERS 


Tables 3-1 through 3-4 provide a summary of tbe parameters that 
were used in the dispersion analysis. The primary assumption of the 
dispersion analysis represented these dispersions as independent 
variations and dispersion simulations were determined by the individual 
biasing of these parameters. Approximately 60 Individual trajectories 
were simulated for each mission and data from these simulations were 
stored on computer files. 

Appendices F and G provide summary information regarding the 
aerodynamic heating indicator (AHI), angle of attack (a), and sideslip 
angle (b) for all dispersion cases. The data in these appendices are 
presented as increments between the value obtained and the nominal value 
(shown as the second column of these tables). The notation at the right 
upoer corner of each table gives the name of the parameter and the sign 
of the dispersion value increment used in generation of the trajectory. 
For example, a "BETA NEG" would indicate the parameter is sideslip angle 
and the negative sign {'3a) was used in generation of the dispersions. 
The table identification numbers shown in Tables 3-1 through 3-4 
correspond to the table headings of the tables in Appendices F and G. 
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able 3-2. Aero/Enviroriment Perturbations 







Table 3-3. Mass Property Perturbations 
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Table 3-4. GN&C Perturbations 



(Reverse Blank) 
3-3 


in > 



COMPOSITE AND WIND RELATED TRAJECTORTFS 


The establishment of a +3o comoosite aerodynamic heating 
trajectory .as based oo the corabinatJon of the nominal trajectory and 
the RSS assessment of the dispersion trajectories. The goal of the 
composite trajectory .as to emulate an AHI time history .hich consisted 
the summation of the nominal AHI history and the positive RSS AHI 
history. This combihation reflected the .orst case system dependent 

lixtureVoTr?' 

e ispersion parameters in such a manner to match the 
su«d AHI history. This mixture of parameters reflected the dependent 
na ure of the individual parameters. Table 4-1 identifies the 
combinations of parameters that .ere used to define the composite 
rajectories for the Mission 1 and Mission 3A cases. In this analysis 
the matching scheme minimized the deviation of the AHI parameters along 
e entire trajectory (prime interest, ho.ever, .as devoted to matching 
trajectory through the AOA/RTtS mode boundary). Appendices H and I 
present, under the appropriate column, the deviation of AHI, angle of 
a.tac , and sideslip angle for the composite trajectories for Missions 1 
and 3A, respectively. Also shown in these appendices are eight 
additional cases which correspond to trajectories comprised of the 
ccmposne parameters plus eight different directional wind profiles (45» 
increments). These wind histories assume a 95J design wind profile 
ased upon data supplied by Space Sciences Laboratory of MSFC. The 
combinations of the composites and the varying wind profiles provide a 
worst-on-worst case aerodynamic heating trajectory. Parameters shown in 
ese eight cases again reflect the deviation between the wind 
trajectory parameters and the nominal values. 


Trajectory parameters of the composite as well 
wind trajectories are also stored on the computer file 
manner as the dispersion trajectories. 


as the eight 
in the same 
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Table 4-1. Composite Parameters 
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APPENDI X A-MISSION 1 CRITERIA INPUT R FmiTHFMFMT^ 


a. 66,000-lb payload 

b. 28.5° orbit inclination 
Trajectory 

a. General 

1. Psuedo-MECO altitude shaping 

2. Last RTLS time equals earliest AOA time 

b. Launch 


1. Launch Pad 


Latitude = 28.6084° North 
Longitude = 279.39° East 
Altitude = 95 ft 


Altitude corresponds to booster station 1942 
the base of the booster skirt). 


(11.36 in. below 


2. Orbiter tail-south orientation. 


3. 


Staggered start on main engines 
each Space Shuttle Main Engine 
3.7 s after its start signal. 


120-ms delay between starts; 
SSME) reaches 90% thrust at 


4. 


5. 

6 . 


ignition comnano defines t, and is 

motor 50% thrust. Si d rocket 

^otor (SRM) thrust rise starts 0.011 s after ignition coland 

Vertical rise until vehicle has gained 365 ft of altitude 

Single-a.is-rotation (pitch, yaw, roll) maneuver after vertical 


c. First stage 

1. 1963 Patrick reference atmosphere 

2. ETR February mean wind (winter) (see Figur e A-1) 
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night control 10 
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4. Maximum dynamic pressure 675 psf (winter] (maxitnum dispersion 
819 psf) 

5. Main propulsion system (MPS) throttle schedule (for all three 
engines), single-step throttle 


I-Load 

Entri es 

Reference 

Values 

Vel 

Command 

Throttle 

T ime 

Actual 
Throttl e 

ifP’i) 

(Z) 

(SJ 

(-1) 

0 

100 

0 

100 

52.625 

109 

3.5 

100 

1160 


4.4 

109 

84 

50,241 

109 



52.741 

84 

1367.4 

109 

59.27 

84 



61.77 

109 


6. SSME throttle change rate +10%/s 

7. Elevon Schedule 6A 


Relative 

Inboard 

Outboard 

Mach 

Velocity 

Elevon 

Elevon 

Winter 

Defl ecti on 

Deflection 

No . 

(fps) 

(deg) 

(deg) 

(Ref) 

0 

10 

9 

0 

1147,6 

10 

9 

1.05 

1328,2 

10 

2 

1.25 

1581.9 

10 

-5 

1.55 

1779,9 

10 

-5 

1.80 

2304.9 

3.333 

-5 

2.40 

2506.3 

1. Ill 

0 

2.60 

2612.9 

0 

0 

2,70 
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8. 194 lb of spray-on foam insulation (50FI) weight loss during 

first stage 


Time 
{ 5 ; 

SOFI 

Flow Rate 

(Ib/s) 

0 

2.4 

25.0 

2.4 

50.0 

1.46 

75. 0 

1.12 

100.0 

0.97 

122.375 

1.48015 

122.38 

0 

150 

0 


d. Staging 

1. SRB separation 6.0 s after P(- - 50 psi 

2. Command SRB nozzle actuators to null 4.3 s after = 50 psi 

3. AtMtude hold from SRB separation to 4,0 s after separation 

4. Maximum dynamic pressure at separation shall not exceed 75 psf 
(with dispersions] 

5. Begin SSME trim command after Pc = 380 psi (6-s ramp). Constant 
SRB trim command beyond V^el corresponding to nominal Pr = 

380 psi 

e. Second stage 
1. General 

(a) Maximum acceleration = 3 g's by MPS throttling 

(b) Alpha Limiter = 5® cone around 2“a prior to 150 s or 
200,000 ft 
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2. Pseudo-^ECO trajectory 

(a) Three MPS engines at throttle setting = 109^5 full powe»* 
level (FPL) 

(b) SSME throttle to reach 65% minimum power level (MPLl 6 s 
before MECO at -10%/s rate 

(c) Pseudo-MECO target conditions 


h (equatorial) 
f (inertial) 

V (inertial ) 
Inclination 
*Ascending Node 


74.5 nm 
0.65“ 
25676 fps 
23.5“ 
189.9939“ 


*Referenced to Greenwich at t = 0 s 
Normal trajectory 

(a) MPS throttle setting = 109% (FPL) 

(b) Instantaneous pitch/yaw maneuver at abort mode boundary 

(c) SSME throttle to reach 65% (MPL) 6 s before MECO at -10%/s 

(d) MECO target conditions 


h (equatorial) 
gamma (inertial) 
V (inertial) 
Inclination 
Ascending Node 


57 nm 
0.65“ 

25,680 fps 
28.5“ 

189.61857“ 


4. AOA trajectory 


(a) MPS throttle setting = 109% (FPL) 

(b) Engine failure occurs on No. 3 SSME 

(c) Parallel SSME from engine failure time to t(McCO) - 60 s 

(d) Aft Reaction Control System (RCS) burned pre-MECO to 65 ■ level 

(e) Orbit maneuver system (OMS) and RCS used to burn off excess 
OMS and RCS propellants with 4.5 s allowed for auto connect 
and disconnect of OMS propellant supply to RCS engines 
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(f) 55ME is cutoff from existing power level 


(g) MECO target conditions 

h (equatorial) 
gamma (inertial) 

V (inertial) 

Incl ination 


57 nm 
0.65° 

25,676 fps 
28.5° 


Propulsion 
a. Nominal 

1. SRM 
(a) 

2. SSME 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

3. QMS 

(a) 

(b) 

(c) 

(d) 


thrust and specific impulse 


MSFC 86-80 data with ETR burn rate; 60°F grain temperature 
for February; lightweight cases (see Table A-1; 


Tvac 470,000 lb [lOOiS level rated power level (RPL)] 

^exit ■ 6464.36 in^ (/tT = 95,000 lb; Ppef = 2116.22 psf) 

^pvac " 455.15 s for T = lOOit, mixture ratio (MR) at 
injector = 6.014:1 

Ispvac “ 455.25 s for T = 109% 

Pitch null = -16° (No. 1 engine) and -10° (No. 2 and No. 3 
engines ) 

Yaw null = 0° (all engines); No. 2 and No. 3 are 
electronically biased to 0 from their mechanical nulls of 
3.5° outboard 


^vac 


= function OMS/RCS usage 


Ispvac ) 

Pitch null = -15° 49' 


(see Tables A-2 and A-3) 


Yaw null = 6“ 30' outboard (AOA pre-MECO burn executed at 
null attitude; post-MECO burns electronically biased to 0) 
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Table A-l. MSFC 86-80 Motor Data - ETR Version (60'’F) 


T1t« 

(aci 

0.300 

-i»7 


!.9BB 

*.a»* 

3.0B 

H.aes 

9-901 

7]r» 

9.091 

9.94 

10.00 

ii.aio 

12.799 
13. IB 
iH.ies 
19. TS 

I9.7T7 

17-121 

to. 108 

19.800 

a.ie 

a.en 

01.187 
21 -8W 
a. IS 
a.9M 

s. m 

S.S9 
2».121 
».ai3 
a. 909 
a.9oe 
27.387 


s.3n 

31. an 

>.190 

>.<<99 
>.<7.3 
».ir 
3T.<«12 
>.308 
>.>1 
10.308 
II .>0 
«*.» 
13.319 
H.JBI 


SW TWJBT * K ) PLOJ 1*7E 
OO.TA 0.00 


TIK r<CTT» 1.000000 
VAC Tna«r FUJI (wn: 


OBSl 
0-0 
I9«iaa5-B 
2S3I237.3 
7t0.8 
£.5 
BI3.0 

3 

29B8«03-3 

29Bl$|.a 

29B02«.3 
300SI0 .5 
302507 1 
3D««*<B.3 


3081833.0 

307inU.O 

3018730-5 

33»8 73.a 

3DS37<8.a 


02S/ZCI 
0.000 
9BS7 S33 
3S3B.J70 
10105 no 
11007 SZ 
10986.91 
MCOO.741 
in03.99< 
U2SS.1F 
11253 398 
11398.679 
1137.005 
11116 3! I 
11171,076 
I1909.»l 
ll»e.1QB 
IIS70.3B 
11S»*.109 
1IS21.2X! 
liaSO.777 
118172.513 
11701. S9 
1 1716. 3* 
1131.153 

11808.713 
11838 111 
11»3.S» 
11858.388 
ii»«.a3t 
11812.213 
ll'ns .331 
11868.191 
119n.>7 
11156.398 
11370.13 
11218.761 
! 137.580 
10888.501 
10790.020 
ICB. 13* 
10581 .» 
10*59.110 
10390 21 
ia2w..>9 
lOts.av* 
10031.167 


THtlST 

*€« F*CS 

ipsn 

11.100 

198-007 

TD.a3 
6!8.e^ 
8K.91 
8*9, 59 
M.635 
Xr7.S05 
KB 3» 

830. 127 
837.0^ 
83.370 
SB. 113 


823 986 

82 aea 

ei.TSi 

SI 575 
830 680 
819.90 
819.171 
818.299 
tia.067 
818.317 
8I8-9* 
Il9.9i3 
819 i>3 
819 9>3 
818. a»t 
818.182 
808.163 
80! .681 
733.035 
'n.035 
TS.HD 
>1211 
199-113 
•M.1IB 

7XJ.89< 
is.aa 
7i5.ia 
nn.io3 
as. TO. 
as. 151 

8B.X 

87*. >3 


FiCTO* 

Tire 

(5EC) 

15.316 

75.806 

».301 

“W-ias 

17.35 

77.717 

^-210 

16.152 

■S.29* 

S.239 

3.731 

81.23 

81,715 

S.2QB 

S.100 

а, IS 

I3.69* 
6*. 177 
6«.$S 
3. 181 

б. 8B* 
S.I 16 
3.638 

67.13 
87.63 
3. IIS 
S.S07 
3.00) 
3, sag 
s.oe* 

3.576 

91.03 

91.31 

9.053 

9.9*5 
0.017 
0.630 
*•02 
9* 511 
3.008 

3.13 
3.91 
3 iO 
3.918 
67 13 
67 980 


99*3.83 

0.956 

3. IS 

90*. 19* 

0-SS 

3.9*5 

8189.722 

0 909 

3.137 

987* Si 

9*5.0 

3.0 

983.93 

0.O»* 

13.121 

9602.-59 

0.576 

in 911 

9*B.B* 

ar.z7i 

101 108 

9183.310 

azz 

101 .0 

9S5.30 

618. 2Z0 

IS. 50 

90 23 

813 SOI 

1S.0 


I ooofxn 

VAC TMILST 
(LSI 

sasie.o 

gstssa.5 

aoiis-3 

ZBoese 3 

aioiBi .5 
aiTTTi.o 
3l3*>.3 
BliOig.3 

311580.5 
SIQS793 

2605106.3 
2^*29 9 
2573*gl.3 

236C7D6.3 
29*oaS 5 

325330.9 

250852.5 

2501166.0 
2H77I60.8 
» 8ei53 .a 
ACS9.3 
2«5C?*I.9 
21SI3.8 
2tlSn.8 
»*41209<.6 
23BSB6.3 

217131.3 

250163.0 
2>i309.a 

227163.5 
018319 0 
SI7»7 .3 
2302099 a 
2Z53115.9 

2399.0 

228133.3 

asiog.o 

28*0958. 9 

2287883.5 
ai917*.3 

909013.3 
219Q8BQ.S 
213*3-8 
2l11eo«.9 
213530.6 

21583.3 

1111908.9 
200818 5 
a>3g18 .0 
2D79BB9.5 
2870537 3 
2089*33.0 
299»*3 9 
29*991 3 
2SI930B 9 
2DOQ800 9 
198X2* 8 


FUW FWTE F4CTCH 1.300000 


FUJ* lUlt 

>O0 0BE3 

(U85/SCI 

(31) 

9808. 2S 

sa.sn 

9829 79. 

61 .IS 

99*» '>50 

62.13 

01.809 

633-381 

910. ns 

0.518 

917.3SS 

0.0 

911.007 

0.101 

989* 683 

89*. IS7 

90.0 

S7> OBS 

9893.037 

6S.**6 

9071.0 

61. >3 

9B5. Ill 

0.009 

0W..3S 

0.177 

97C7.no 

819.36 

SB7.ST7 

817.100 

*3.575 

811.0 

S.'l.OS 

S06S2S 

*3.0 

601.1a 

9*11.216 

803.190 

9*|7. IS 

0.9»* 

99*7 971 

0.003 

997.239 

SI .0 

92S.636 

0.0 

919 97 

0.0 

9118.0 

573X9 

93 90 

575. IM 

9008 162 

571.0 

8904.0 

0 711 

8803.927 

5ff*.0 

80*0 353 

0.IS 

8807 TX 

0 OS 

8803.022 

557 0 

6717.0 

0.168 

8077 OlS 

*t9.0 

80.0 

**5.0 

33. 1 13 

9*3.151 

01 .0 

9*1.0 

819.19* 

0.13 

371 .519 

0.0 

*•>.0 

0.9*8 

••S.0 

0 V*5 

8333.0 

0.181 

S50.755 

0.011 

8175 7Zl 

511.0 

81 a 201 

511 .99* 

8IB m-t 

510.009 

80*0 018 

0.0 

i»7Z.ia 

SI >7 

793Z.I9D 

130 

906.0 

0 as 

70.1V* 

13.0 

06 

19* OS 

■S** 8J7 

IS i-« 

7160 m 

0 .6 

•0> 730 

i« 0 

10 563 

178 0> 

1961 0 

173.T15 
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Table A-1. '^SFC 86-80 Motor Data - ETR Version (50°F) (Concluded) 


r 

L 



•>39lS6.a 

rr.as? 

••I8316.S 


210*70.0 

XS.2BB 

ZSBtlS.6 

S0.21I 

2353*2.0 

SI. 195 

27*029. 0 

si.asT 


ss.iao 

2S5Bl9.a 

98.S72 

dgaam.a 


2S19.3.S 

S3.6S7 

2333386.9 

9*. 119 

20853.3 

».S«I 

23*025.5 

96.133 

23H99S.3 

96.S6 

252033.6 

9B.ua 

2360571.0 

95.610 

250*7.5 

57. IIS 

237173.3 

57.9B 

2377750. 0 

95.06? 

230T39O.3 

■-579 

23ffUa.3 

9.7T1 

9*07169.5 

95.96* 

•USWT.O 

Oe.IBB 

2*2305.8 

OO.M 

2*6630.3 

51. M 

2*3sar.3 

61.933 

2*H30»*.a 

C.369 

2i'oau.a 

■ .917 

2*0002.3 

C.OS 

2170917.0 

0.909 

2<«aS94.9 

0.96* 

2*0715.3 

•*.166 

2*9tsr.o 

•*.579 

249B07.a 

69.171 

29Q2S.3 

«.90 

aiiai .3 

■•IS 

agaae.o 

■.•<6 

&19«0.3 

67.110 

2S*7TT0.3 

C7.3S 

2953307.0 

M.i» 

2SB0IS.S 

0.917 

238305-5 

O.KS 

2953B«0.a 

0.901 

072S.9 

7B.S3 

2963012.3 

'».» 

a 

71.J76 

29eB9B9.l 

71.670 


o.aas 

WS.2 

a.BBB 

2961117.6 

73.3*7 

292010*0 

73.6S 

29BDL60.0 

?>.SI 

29MS3.9 

76.0* 

a»i'gi.3 


9603.19 

606.161 

ein.5i 

603.819 

9im. i»« 

600.35 

•M.eas 

566.65 

»*6.920 

SB. 366 

<963.09 

556.620 

8037.513 

560.629 

86?*. 575 

579. *6>* 

eet.05 

5^.352 

8667. T39 

579.09* 

■9.S00 

579-506 

6691.106 

50.079 

aest.Eos 

580.703 

6661.09 

51.192 

8906. M 

563.072 

■<1.3B7 

59*.9BB 

8975.679 

566.69 

■63.737 

57.055 

6009.190 

5B.196 

3(7*2 392 

901.M 

9079.606 

Se.i6B 

9119. 1»* 

59*. 705 

9119.615 

566.193 

5177.066 

59.51 

9802.511 

569.386 

9627.9*6 

500. 7SS 

9856.771 

602. 1« 

9277.762 

603.116 

3312. 9*9 

605.161 

3B8.119 

606.121 

9S9».S1 

610. 197 

9*17.935 

611 .H6 

9*s.ia 

512.39* 

9*56.793 

513.120 

9*79.>9 

611.55 

9SS-625 

6l7 13, 

Sr3.668 

SO. IS* 

9B1S.005 

63.619 

5Bi«.ig7 

s*.a 

669. 67* 

as-19* 

9B7B.009 

S5.5B0 

96B3.0I1 

625.7S 

3P8.2B 

■7.151 

•7*3.935 

69.071 

9791 .9*7 

01.307 

■I6.19* 

633.362 

■9*. OS 

IS. OBI 

•T7I.38B 

5B.633 

5767.15 

S3. Ill 



97S.566 

BSollB 

9610.S3 

831.065 

6791.9* 

866.110 

•Tw.ai 

aa.ia 


10.375 

195181 .8 

103.667 

I9B3B96.3 

19*. 56 

19*0339.3 

10*. 85 

l9270M,.i 

105.3.1 

1912773.0 

15.936 

189765 6 

IK. 369 

186215.1 

KE.32I 

165556.0 

107 313 

13115.0 

107.905 

163759.0 

15.296 

1862187,0 

108-790 

1810567.8 

15.238 

17996*6. 1 

15.771 

1 V j ^ J1J , 3 

110.37 

177531 a 

110.7^ 

1^3722.3 

111.31 

1705632.1 

1 1 1 -713 

n®*is.s 

U6.2S 

1738607.9 

112.729 

1271709 a 

113-620 

151836 9 

113.712 

1166BS.5 

111.217* 

1350276.1 

111.597 

119397.5 

iis.ie 

1035893 I 

us. at 

SBi la.s 

116.171 

7K7416.1 

116.95 

63SB.9 

117. I5B 

527013.3 

U7.5I 

SI633B.2 

118.113 

16915 7 

U6.63S 

l3G?*.i 

119. 177 

39KS0.7 

119.620 

3*277| .1 

13..12 

3I8I11 .3 

13. SO* 

696302.8 

121. Q9B 

272070.0 

121 .59 

S*TE6.1 

12.51 

2S0603.3 

I2.2S3 

21015.1 

IS.775 

170656.2 

13.37 

150B75-2 

I3.75B 

1239*9.0 

1?*.2S 

B15.0 

12*. "iM 

•^M.i 

13.236 

57777.7 

13.73 

1S33B.2 

la.si 

5050.3 

13.713 

6SBI l-S 

127.25 

62307.5 

127.59 

171B0.3 

13.15 

1229*. 6 

3.696 

7103.1 


7503.873 

<*6B.9a 

7*«.1I7 

166. iS 

7329.9K 

163. 106 

7350. IS 

159 81 ; 

1S6. 100 

158.306 

7239. ai 

‘S.asa 

7161.309 

H8.'0l 

7123.513 

HI 9CS3 

705.717 

Ht . 112 

7006.311 

137.380 

8957.115 

13*. 0*0 

ai3.95B 

121 IW 

8673 !C7 

ia.161 

■27.39* 

125.530 

6793.123 

122. 602 

6719.253 

120.3*0 

6716 375 

120.036 

6739.103 

119.191 

aB.3-S7t 

113. XI 

6390.390 

397. 2S 

8069. ;77 

T70 207 

5852 7TZ 

3S.19 

5170 129 

3S0.325 

1389.330 

».137 

3693 85 

2*6.530 

>06.570 

209 9S3 

2991 .i$C 

177,715 

aei.ia 

191. 9BC 

2269.7a 

110. SE 

2(38.170 

ia.3*i 

1329. 307 

116. 7ia 

179*. 0J7 

109.710 

1»<2.8H 

100.112 

119*. IS 

9l.2»* 

1272.107 

C.712 

iai.105 

x.aes 

IIH.170 

86.e<6 

1016 S3 

SI 36S 


S.33S 

6S 390 

50.320 

55.218 

11.378 

5BI.2» 

>. 100 

1«.177 

27.i««9 

359.105 

21.770 

271.617 

IB. 120 

211 718 

I2.T76 

165.131 

10. oa 

1B.SQ6 

7.77* 

109.006 

8.9*9 

S.3S 

1.9X 

bs.cbb 

3.771 

13.352 

2.706 

3.106 

1-573 
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lable A-2. Variation of OMS/P.CS Performance for Pre-MEtQ 
Abort (Single Engine Values) 


Acceleration 

Level 

Data for 

RCS Jets Fueled from RCS Tank 
Number of RCS Jets Operating 
Four -r X Twelve* 

(g's; 

Thrust 

(Ihs) 

Flow Rate 
(Ibs/s) 

(s) 

Tiirust Flow Rate 

(lbs) ilbs/s) 

0 

870 

3.1071 

280 

838 2.9928 

3 

950 

3.3928 

280 

920 3.2857 

’'Includes 4 -*■ X 
^ pairs) with 

thrusting 
zero net + 

RCS, remaining 
X thrust 

number 

are null RCS (used in 



Data for OMS and RCS 

Fueled from 

OMS Tank 


Number of 
RCS Thrusters 

Thrust (lbs) 


Flow Rates (Ibs/s) 

Fi ring Wi th 
One OMS 

Per OMS 
Engine 

Per RCS 
Thruster 

Per OMS 
Fngi ne 

Per RCS 
Thruster 

Total 
One Pod 

OMS + 0 

6070 

19.37 

- 

19.37 

OMS + 2 

5960 

870 

19.03 

3.100 

25,23 

OMS + 6 

5690 

8J2 

18,21 

2.892 

35,56 

OMS + 9 

5471 

775 

17.53 

2.749 

42.27 

OMS + 12 

5245 

738 

16.84 

2.610 

48.16 


■Table A-3. Mission Update Nominal Trajectory 


J 


9 



4. RCS 







Kfm Ql,ALn^ 


^vac 
^spvac 

(c) Pitch = -10.0® 

(d) Yaw = 0° 


function 0M5/RCS usage (see Tables A-2 and A-31 


+ X jets 


Aerodynamic s 

July 1979 Aerodata Book, Rev. ?K-I 


Mass Properties 

Mass properties of elements 
b. Element weights 


I 

i 


c . 


Orbiter planning weight 
External tank (ET) planning weigh 
iiME planning weight 

MP^ Dropellant weights 


= 140,821 lb 
= 70,990 lb 
= 20,484 lb 


C I prope I lant weight at 
Orbiter MPS at to - 5 m 
Total MPS at tg . f min 


d. SRB weights 


5 min = 1,592,124 lb 
= 5,039 lb 

= 1,597,163 lb 


3R6 gross weight 
SRB inert weight 


= 2,579,976 lb 
= 365,72: lb 


e. FPR ana fuel bias 


OMS = 19,700 
RCS = 7,508 


^'3q) (2c) 

No rmal aoa 


FPR (lb) 5552 

LH? Bias (lb) 1047 


3786 

1100 


{2 c) 

RTLS 


3786 

1100 



AjPENDI^-^H^^ INPUT REQUIRFHENTS 

Mission 

3. 32,000 lb payload 

b. 104 orbit inclination (normal mission) 

T~raiectQrv 

a. General 

1- Variable ly shaping 

2. Last RTLS time equals earliest AOA time 

b. Launch 

1. Launch pad 

Latitude = 34.58139“ North 
Longitude = 239.37472“ East 
Altitude = 430 ft 

Altitude corresponds to booster station 194 P m ^ , 

the base of the booster skirt) ° ^ m. below 

2. Orbiter tail-west orientation 

3. Staggered start on main enoines i?n a , 

each SSNE reaches 90% thrjt at ’s JT^ne^'^^slurrslgn")'’ 

SSNE'?el)heS wr’hrusf '" skm'?!,?!,,’''’”"''’ ^ 'ast 

ignition cormiand 0.011 s after 

Vertical nse until vehicle has gained 365 ft of altitude 
. First stage 

1971 Vandenberg reference atmosphere 
2. Vandenberg December mean wind (see Fi^ure_B:4) 

3- Flight control 10 (see Table 3-11 

4. Max,™,^ciy„a™ic pressure 650 psf, ponn'pal („axi« dispersion = 
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Table B-! 


"ligPit Control 10 
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r>. 




■ 1 ' 


:';Y 


:-s Lf-wch K 

SP-! r<tfc 3t-=n Js’o y;^ 
iCp: PfLIfP <»-0j-=3 


PL.'CtiT CC^'iP3i 1C 


SELRTJvi 

PIICH 

YElOCJIY 

«TTJT.'Df 

0.00 

90.000 

117.78 

73 370 

375 . OS 

73 070 

Sjb.OD 

70 500 

683,00 

70.900 

SCO 00 

b9.9C0 

895 . OC 

68,300 

973.00 

66 903 

1098. 00 

69.500 

1188.03 

68.500 

1838.00 

60.600 

1893.00 

SS.tOO 

19D7.0D 

56.300 

1556.00 

53.900 

1733.30 

50.700 

1985.00 

97.70C 

8858 00 

92. 930 

8366 00 

91.530 

8508.00 

39 500 

8999.00 

37.500 

3099 . 00 

:s 700 

3398.00 

33. 600 

3607 00 

38. 100 

36b 7. 00 

30. 500 

H 189. 00 

89 COD 

“393.00 

87 600 

9901.00 

86 , 900 

9936,00 

85 . rpr 

9571 00 

83.900 

9.75 c 00 

80.030 


Yfll; 

aniTuDE 

ISO. oco 
J'8.500 
17B. 500 
ISl. 5S0 
18H. 5S0 
ISb. ISO 
lartio 
iss. rao 
IBS. BOO 

ISO.. ■BO 
iSl.SbO 
ISB.BOD 
19c. seo 
19B OJO 
191. r-Q 
191. OBO 
189 9B0 

189 rOO 
169 i:o 
1B9. 350 
139. SIO 
190. JcO 

190 b7D 

191 3B0 
198. 380 
19c 590 
19e 910 
193 ?10 
193 530. 
193.590 


Pf'.aTI.J NC.r*9L SICE 

vTLOCin l;«d Facr;p lop; 'si-jp 


0. 30 

. 07C6 

117,, -a 

O'Ob 

375.05 

. 09:1 

536 CO 

.0550 

693 00 

. I860 

eOl .00 

. 1597 

850 00 

. 1599 

935 00 

. 1800 

973 00 

.1310 

IC35 03 

1890 

1183 CO 


1831 00 

1'38 

1 7' 6 03 

1557 

i-i '9 :: 

1913 

i?'- 33 

C.-‘-3 

85 C 3 33 

1 CJ 8 

9130 33 

. 1990 

9853 :: 

.15=5 

“571. 00 

8896 

7533 30 

8896 


0 0000 
0 o:;o 
O.ODOO 
o.oooo 
0 n;:o 
0 jc;o 
0 cc;o 
C DCCO 

0 oc:o 
0 o::3 
0 :;;o 

0 ;::3 

c : 


0 Cj.:j 
0 :;:3 

0 ;::o 

0 ~i;3 
0 C'lO 


lEOctP lli-; Jlifc 
SP 3 , 5 c' :ril 

PScOOC R.T C NH 


f 


POLl 

PITIU.'CE 


I-LOaO INPJT 

tflMOENT OF OuePTfP ascjE- 
PiTCK tbh RCLL 


90 ODD 
IBO 003 
160 . O.j 0 

163.000 

160.000 

160.000 

160.000 

160.000 
i 30.000 

ISO. 000 

ISO. 000 
19C.OOO 
180 COO 
IBO.OOD 
180. COD 
160. ODD 
ISQ.OOO 
160 ODD 
ISO ODD 
ISO COO 
IBD 000 
163 OCO 
ISO 000 
ISO 000 
180. 030 

ISO, 000 
130 000 
ISO 000 
ISC. 000 

1 SC. 000 


.hihbih 

.3300S9 

3333:9 

3J3539 

JJOBiS 

-SlcKcj 


.873': 7 
c5i 9 13 
.899383 
■83731c 
.889901 
.811159 
.19B9S8 
133539 
1 79076 
-155101 
. 157093 
.193359 
.19C936 
. 133S73 
187815 
.181313 
.1179:5 
: 18510 


1 .000000 



1.037793 


l.Olicli 
1 10533'- 
1.118335 
I. 11S593 
l.:i3b3S 
1 106379 
1 lOllD* 
1.0905‘-9 
1 C3S995 
1 365355 
1 .055119 
1 355539 
l.OOiCrc 
I ,097739 
1 1D9C.37 
1^10637 
1. II63'9 
1-115537 
1.188979 
1 186189 
I. 186189 


.919819 

i.oco::o 

I. 030333 
1 . 003330 

1 oo:::o 
i.030::c 
1 003003 
1-C00030 
1.000300 
I CDCOOO 

I. 000333 

J. C33333 

1 333 cnQ 

1.030000 
l.OOCOOD 
1 00:030 
1-C0CO3D 
1 3D0330 
1 333G90 

1 ooo::: 

I 033030 
I . 033300 
1-0CC3DD 
1 . 23u*’3^ 

1 0C3330 
1.030330 
1 . QOdwOQ 
l.COODGO 

1.000000 
1 . 003000 


109553 

067969 


1.055939 
■3a’!63 1 05571’ 

■8'3S118 I.Cr9837 
.8991 08 l.OSPP:-- 
.8796'5 


PEL51IVE :','0 n 1 TOM 5 ?: bitch 

t.OCnr C.'rsa., -Rji oiflcai 'Rif 


i-Loa: ihPL'T 

7 C 7 fSBE PIT’f 

Ossc iPin 


0. 33 

-8 '00 


117. *3 

'I P9rS|»> 


3.'5 05 

n 

• "3*? 

536 30 

0 OCD 

■ =a7 

663 CO 

3 003 

■ 1 lb7 

SOI 30 

3 :oo 

• 

553 30 

3 

‘1 fiS 

935 3,3 

0 303 

' aSQ 

973 00 

0 333 

• 5fe7 

ICS5 CO 

0 "'?3 

32H 

: 183 30 

3 .MO 

£3= 

1 c . ...0 

r « » H 

1 Oi 

lj*5 33 

C ” ' " 

1 e? 

. i ' 3 30 




■* - 

• CC T 

.33 

c ::: 

S3J 

8b'3 03 

2 ::3 

. 

“1 3.' 03 

0 2:0 


V'-:: 0 : 

0 


“5'l 33 

c ::3 

'FZ 

"5'‘ 33 

^ "Z3 

.'FZ 


■ '<189 

- “iSS 
55-3 

. 58 -3 

• =;58 

■ 88-5 

- 8.-53 
■ - -bii 

9018 

8853 
8 35 
:’,3 
7 ‘ s 

* : - : 5 
7.93 
53c- 
'581 
S391 
'391 
'.:9i 
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5. MPS throttle schedule (for all three engines), single-step 
throttle 


I- 

■Load Entires 

Reference Values 

Vrel 

Command Throttle 

I ime 

Actual Throttle 


( :) 

(5) 

(0 

0 

100 

0 

100 



3.5 

100 

52.625 

109 

4.4 

109 



34,7 

109 

818.665 

65 

39.1 

65 



59.29 

65 

1326.567 

109 

53.69 

109 

SSME throttle change rate + 10 %/^ 




7. Eleven schedule 6A 


Relative 

Inboard Eleven 

Outboard Eleven 

Mach 

Velocity 

Deflection 

Def 1 ecti on 

No. 

(fps) 

(deg) 

(deg) 

(Ref 

0 

10 

9 

0 

1092.406 

10 

9 

1.05 

1249.897 

10 

2 

1.25 

1496.753 

10 

r 

- D 

1.55 

1718.813 

10 

-5 

1,80 

2305.636 

3.333 

-5 

2.40 

2520.737 

1.111 

0 

2.60 

2628.795 

0 

0 

2.70 


3. 194 lb of SOFI weight loss during first stage 


S-4 


3 

i 


staging 


T ime 

SOFI 

(s ) 

Flow Rate 
(Ibs/s) 

0. 

2.4 

25. 

2.4 

50. 

1.46 

75. 

1.12 

IOC. 

0.97 

122.375 

1.48015 

122.38 

0. 

150. 

0. 

) s after P,- 

= 50 psi 

I actuators 

to null 4.3 


3. Attitude hold from SRB separation to 4.0 s after separation 

4. Maximum dynamic pressure at separation shall not exceed 75 psf 
(with dispersions) 

5 constant 

iKB trim command beyond -corresponding to nominal 
Pc = 380 psi 

e. Second stage 

1. General 

(a) Maximum acceleration = 3 g's by MPS throttling 

s or 

cUOjOOO 

2. Pseudo-MECO Trajectory 

(a) Three MPS engines at throttle setting = 109% (FPL) 

(b) SSME is throttled to reach 65% (MPl) 6 s before MECO at 
- iU%/s 


B^5 


OF PC-jr 


conditions 


fc) Pseudo-MECO target 

h (equatorial ) 
'f (inertial) 

V (inertial) 
Inclination 
Ascending Node 

3. Normal trajectory 


70 nm (r = 21,351,050 ft) 
0.65° 

25,374 fps 
96.907° 

55.87913°* 


(a) MPS throttle setting = 109% (FPL) 

(b) Instantaneous pitch/yaw maneuver at abort mode boundary 

(c) SSME is throttled to reach 65% (MPL) 5 s before MECO at 
-10%/s 


(d) MECO target conditions 



h (equatorial) 

57 nm 


'i (inertial ) 

0.65° 


V (inertial) 

25,374 fps 


Incl ination 

104° 


Ascending Node 

51.83485°* 

AOA Trajectory 


(a) 

MPS throttle setting = 109% (FPL) 

(b) 

Engine failure occurs on 

No. 3 SSME 

(c) 

Parallel SSME from engine failure time to t(MECO) - 60 s 

(d) 

Aft RCS burned pre-MECO 

to 65% level 

(e) 

QMS and RCS used to burn 

off excess QMS and RCS propellants 


(Enclosure 2) with interconnect 

(f) 

SSME is cutoff from existing power level (>65%) 

(g) 

MECO target conditions 



h (equatorial) 

57 nm 


Y (inertial) 

0.65° 


V (inertial) 

25,346 fps 
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Propulsion (Nominal Thrust and Specific Impulse) 

a. SRM 


1. MSFC 36-80 data with WTR burn rate for 52“F grain temperature 
for December isee Table B-2 ) 

b. SSME 


1. Tygc = 470,000 lb (100?^ power level RPL ) 

''^exit = 6464.36 in^ (iT = 96,000 lb; P^ef = 2116,22 psf) 

Ispvac = 455.15 s for T = 100?^ MR at injector = 6.014:1 

^pvac = 455.25 s for T = 109% 

5. Pitch null = -16° (No. 1 engine) and -10° (No. 2 and No. 3 

engines ) 

6. Yaw null = 0° (all engines); No. 2 and No, 3 are electronically 
biased to 0 from their mechanical nulls of 3.5° outboard 

c. QMS 


1. Tvac 
^spvac 


= function OMS/RCS usage (see Tables B-3 and B-4) 


3. Pitch null = -15“ 49' 


4. Yaw null = 6“ 30' outboard (AOA pre-MECO burn executed at null 
attitude; post-MECO burns electronically biased to 0) 

d. RCS 


1 • Tvac 


2 . 


^pvac 


= function OMS/RCS usage (see Taoles B-3 and 3-4) 


3. Pitch = -10.0° 

4. Yaw = 0° 


X jets 


Aerodynamics 

July 1979 Aerodata Book, Rev. 2K-1 
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r Table B-Z. MSFC 86-80 Motor Data - WTR Version (52“F) 


• !51 ! j- 

Jl'lTEB LSJ'lCH 

Dl:e9;e' 

^r;N y:fic' 





5P" = 

;*iw C-'fi -T? 


53 OEG 





ir'cc p.iiiv 

■ 4-C3-50 1<3. 

i 1 a 

35EU0C ail : 

;q tm 






SftM IhR 

5 F 5 T RMf Floa 

KR’t TflS.t 







DEcTfi RnSTs j 

|3.0E 





Tlx: rac 

(OR .9=1337 

THr, 

iST FB'IOP 1. 

019=91 

noj soTf tn' 

7,-i 1 n,; 

llr<E 

VBC Th-.5I 

ftQ5 ROFE 

HESO F=E5 

TICE 

VBC T'JBiJST 

nou PS*r 


(SEC) 

(LB5I 

ILeSoEO) 

(F5! ! 

13E0) 

(L3si 

^LSS-'i'CJ 


0. DDO 

O.D 

a. ODD 

19 939 

73,910 

3=3=538.9 

3C«; 'tiE. 


. 

1571931,9 

5993 bl9 

509.603 

rH.3S2 

£595=89 7 

(Cul5 "■? 

Lb. ■: Z'.L 


3551050.8 

9719.533 

750.0'' 

79,375 

35535=3.1 

lOOei Vh 


.357 

3739615. 3 

IC'S: 

sOi.90 = 

rs. JS'i 

cbbOObb.B 

iOCbS ci= 

l-jl .,lc 

.5E0 

3957253. j 

11315 973 

5(7.935 

75 , 393 

35 = 757 ’, 3 

10C=E. 


.773 


Il'Ob. 153 

5a?7. JcS 

7b -35 

b 

10105 950 

■- 1 M «! 

. %7 

c-5::^B3-0 

11310. 3’B 

353 , 3S7 

7b :0s 

35t-3:0.9 

:Di:3.bi? 

b4' 

1 , 93? 


11315 £99 

bt J, aV 

77,391 

35=5iS5 5 

:5* 


J. 399 

3097003.8 

U9iC 053 

25c "4 IS 

77,779 

ebbbub 5 . c 

ir”3C not 


3,ef 

3^540nn q 

1195'. =35 

6=5,973 

78,357 

cbbcFS: .i 

:02r: . E£? 


H.S31 


115)0 5:8 

397 328 

78.791 

cast^OH.M 



5.797 

30E330S.1 

11573.115 

693.593 

79,3=3 

359 : 977,5 

IQCI^ 101 


k.'bS 

3101:390 3 

11559. 313 

699 950 

7S. 7Cb 

c&ZhC'l. 3 


S'- mi-q 

7.7c9 

3113=05. b 

I1--9.357 

691.999 

BO ;E9 

?blJi30 I 



a.t>35 

3133139.7 

li7BH.H77 

9h2. 5 TO 

60,573 

cbOOlSl.j 

SejI.bCO 


9.Ebl 

3133039. 0 

Il7bc. :55? 

690. 311 

61.155 

3573117.1 

S7b£. 


IQ. E>?8 

31090S9. 9 

1179C.930 

339. 0=3 

81.539 

£=5'938 9 

qtvgia n-cc 


11. 593 

31951:19. 3 

11919.737 

33'. 910 

S3 131 

3550723.3 

Sbc'.Wqb 


IE. 550 

31E9bbo. 9 

113“B.S“b 

537. 759 

33. 50= 

?SHfcj33.3 

9551.992 

27H 

13. 5?5 

31bObO=. 3 

11=73 977 

835,351 

S3 ::: 

3531335,7 

QC St 7Bl 

hll «93 

19. 993 

31hb395. 1 

11=99.535 

875. 137 

53.571 

3513997.1 

9535.753 

bus ?iq 

15.953 

3179005.5 

11933.635 

335.503 


39 = 3959.5 

SH7H J'H 

bO' 

l(l.9tH 

317’:?9. 9 

11939.303 

839.331 

99,537 

3925179.7 


E-9 =?? 

17,390 

31375=7.3 

11975.379 

539.318 

=5.039 


S35V sbC 

MI 

18.357 

3195313 5 

13009.135 

835.003 

55.503 

3'-'=359.3 


. 7 Lb 

19. 333 

33Q3 = 5b. 1 

13C-33. 918 

839.605 

95.95' 

3932=93.3 

9£3C. sc" 


19. BOb 

JciJ 'eg/, b 

13053. 1=9 

S3S. 171 

8b .S70 

^,ICC-'C 7 

Sire- :sc 



3311533. 3 

13057,999 

835.171 

B=,953 

3-:5933 5 

9105. cHb 

5‘9. 913 

30. 773 

331513b. 3 

leOEc 593 

835 171 

a? 935 


9D'j ■5'S 


31.35b 

3317175.3 

lc0=C.509 

S35.D09 

37.919 


9C:r, 5 Th 

571 3bb 

31. 739 

3318917. 1 

1309= 157 

83H.E=3S 

S3 . 903 

33=903 ^1 

BS'b 390 

5-® Oh! 

33 331 

3l=59'9 1 

11979. '39 

835 933 


33:3=-?:? 

09’:. z^2 

S17 

33. 709 

31S9381 3 

1187S, 595 

817-957 

39,3=7 

339'',3:,3 

391S. -*23 

5Lh . t."? 

33. 169 

313s3bb b 

117=9 C33 

BOB 551 

69 =5: 

333=!3;.9 


5-9 

33,b71 

31C37E9 , 5 

11573 390 

801,513 

SO j3'i 

3j!93=!.S 

ISn 

55fc Jfc** 

39 153 

3C50305. b 

n^?b vcb 

'99 759 

90 51 7 

£3055?=. 5 

875° 

55s. iSc 

35. 130 

3037736. 1 

ll'-30,3D3 

783 335 

61 . 3:0 

££=8956,1 

8739.655 

5^1 . 718 

3fc.0Sb 

3995355.0 

11373 163 

770 337 

91 .'oO 

33=9575.5 

9b81. 

5ie 7^1 

37.053 

3957530. b 

11139 919 

759 077 

S? cb© 

33 : 1559.9 

3533 '33 

. :=H 

3B 319 

3919767. 1 

10955 091 

796 101 

93 '16 

cebee s.S 


5“3 .j’ 

iS . ^a ‘1 

1 


793 1S3 

93 333 

3c5351 I 8 

5sb3 :vi 


39 950 

365=795.3 

10'53 693 

'39 503 

63 'lb 

c 333= 16 0 



J0.SI7 

353737 ^ i 

10=59 =25 

’31.03’ 

? 9!) 

3?ii:== 3 

5ir . '5: 

533 

31 BSc 

379’63b, 3 

1059' 175 

713 =53 

99.531 

3 i«:o ='.3 


C3b 

33, 699 

3'b:=07, a 

10=39.033 

7139 097 

=5 IbS 

31"=3 = .3 


Sc: 

33 BI5 

3739593 1 

10333 513 

bSb . i'I’S 

95 599 

0 

535= 350 

Sc-: 

39 7 61 

3711390 3 

10335, 9=6 

be ^ . Sc ’ 

9= 131 

31 = ;39 3 3 

SI 9 : 

SIS 

35 797 

3535351 5 

101:3 116 

bSD 

*3 - L 1 M 

313509E 5 


si: 

3b. '!3 

cfc*. 2 7^ j 


b/' c . ??a 

S' zv 


5:: 3 130 


37. (,’9 

3535131 1 

9=51 553 

b== 953 

V r?C 



c— - i. ' c 

JH &Hb 

cblCb” 5 

935= . 9 - 

6=; 535 

9= :=: 

3111 ::= 0 


C - -- • s 

39 bll 

3535353 ' 

9(5= 911 

531 5'9 

= = =»5 


5j'b >:3 

'C“ 

•^Z ^'8 

355S19- 7 

9t=- =37 

==S 033 

3 q " r 

e;'-=='6 b 

- 5:9 91 I 





tej 

=9 5,3 

3:;=-9b 5 



93 SiO 

353o::o 5 

=55: 9=3 

535 I'O 

aq a;z 

■ ' • - 3 

’s - 1 V ^ : 


93 

35>:-= 0 

=-:r "s 

b } r 3 1 

: *' * - C 

t : - - . i T s 


..T , 

HI? 

■? c ’ b 

* ^ j 21a 

Ljt t,;r 

; j" : J ; 

1 
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Table B-2. MSFC 86-80 Motor Data - WTR Version (52°F) (Concludeo) 


sS/lOS 


83*2 31E 

520 4-.= 


• 7 w 




>ii. jrj 

2453:8* i 

*r? 

515, *08 

101 =2* 

I8 = 23.'l,2 

'SO 




2^5212! 2 

8275,32* 

5J2 ;=8 

102.410 

irEE-<b t 

75-: 5!5 



ia 3cr 

c*3blfcH. c 

8215 734 

50* =7! 

102 23i 

185 --=:. 5 

7 • 3 “I n u *i 



:73 

241C:35. 4 

8:18,23* 

bCO 1=4 

103.377 

185:43= 1 

7^3l 33^ 

Nt: 

r = ’ 

SC 

23:- 3-1 8 

8031 58; r 

584.083 

I3j EaD 

l'i2lZ2Z H 

7377,443 



SO 7ca 

CJ --'-■^.3 

8::= 5=0 

582 0b£ 

104.343 

18;823; 8 

7335: s:d 


zzh 

5! ?0S 

23*55=5.3 

28=2 483 

=83.5*4 

104 

18'33=:.0 

*2=8 157 


7Z0 

Sl.tcS 

23*t5bc. 8 


=23 3=2 

105.3:= 

iSt’EtV '5 

•■7-r -to 



sa. 171 

23'5i34. 5 

5885. 720 

SS3 Hs: 

105., *82 

lE'IS:* 5 

*141.5=4 

4i.C 

3 a" 

Sc sss 

c^'=33fe. H 

8005. *£5 

=8-. 818 

104.2*5 

!S==:-2 3 



IV 

S3. 138 

23225=0.8 

8018.233 

=81.502 

105.7=8 

124522:. 3 

7*ihi; 


b:’! 

S3.t?I 

23=5314.8 

8333 2=3 

582. 130 

107 241 

lB3-:33. b 

aaw 



54. 103 

2383*53.5 

'JCSw.D^SS 


10* *21 

)B228=3,8 




54 5B7 

£3==345.5 

8078 3*0 

Sii 553 

10= 233 

ici’EEO. s 

Ls:; ;-*; 


?ES 

55.070 

24C’352.6 

8112.122 

585 405 

•:5 581 

1 =:;=; 1.5 

be-"', 



55,553 

2415=13. 0 

S]Sb.'HrH 

'80.44= 

108.174 

12 : 0*:=. 7 

52*4 *51 



Sfc.035 

24;=-38.0 


=T=.br= 

108 5=5 

r==5=i.i 

5=5* 5=5 


’51 

Sfc. 5£D 

2422=50.2 

8it0,818 

503.021 

ac. 140 

17=33i5.= 

5-58 8': 


SCI 

57.002 

243-i-Dl, 3 

8214. 85* 

501 8=3 

110.523 

S3 ? 

55:2.553 

Hf't 

132 

S7.HS5 

24443=5,5 

82S2. 332 

504.132 

111 105 

1522 ==:. 3 

bc]E,:H7 

'.It 


57. 55S 

24=4323.8 

8281.702 

505.415 

111.538 

iSlErOl.-i 

5=0: 333 



58.452 

245532b. 5 

8323.721 

505.238 

112,0*2 

12 * 5 = 54.8 

=275 =59 

■jr"’ 


58. 335 

247:745,5 

8331.717 

508.787 

112,5=3 

IcEOlbC . \ 

4557 “51 

2=: 


55.417 

24**50=. 5 

8377.527 

511 168 

113 038 

10=5381,3 

t;. 1 



5S SOD 

24=4353 1 

8403.137 

512 =35 

in =21 

0=2=15.8 

24=3.533 

£14 


50.384 

2481172, I 

8422 245 

bi j 

ll'l 305 

3 

23-5. -12 


cIH 

50 6b7 

248"23.= 

8454.32* 

515 331 

114.467 

545561 2 

C5. C Czz 

10* 

871 

51.350 

25rr=23.4 

84=8.2=7 

517 404 

114.8*0 

5'=;*= 5 

- ” 0 : : n 


I d- 

51.532 

2=182=2 7 

TTjSTTcc 

523-0=5 

115 4=4 

523-35 3 

c'Zz 3-^ 


a;.r 

52 315 

2=28378.5 

uoJ 

522 202 

115.837 

4723*5 7 

1 ■:n 1 



52.748 

253=712.7 

8587 C43 

523.425 

115.420 

437*70 3 

1E20 170 

i 1 


53.282 

2=40=00.7 

85i5.COe 

524.412 

1 15,402 

' tjt, ” a ^ 

lb*'- 122 

;02 

■J-Q 

53.755 

«5TiL"^b . 0 


525. 183 

117. 3S5 

3=5:38 2 

1622 ==! 


.■“C? 

54.240 

25223*5.5 

8= 58 725 

525.570 

a*. 358 

32--;5,8 


EE 


54. 731 

2554137 h 

"5734 Cc' 

be- ct;b 

113 352 

3:2137 2 

1 1 “ ^ S 0 "" 



55 214 

2572342 8 

87=5.057 

533.385 

HE =3 = 

3 

11=5 2-6 

7* . 

C17 

55 548 

£528431. 1 

8*80 855 

b3l . 8*'? 

118 318 

252.== 5 

i:-s 517 

b3 


55 181 

25='=3l 5 

8=28 752 

535 =50 

118 831 

22-8'7 3 

80*.bl7 


io.- 

55 553 

2503325. 1 

8252,023 

537.770 

120.000 

c;-30H.b 

S-8 25D 

?1 

; 1 

57. 14b 

2505331.3 

8S53.123 

53=.388 

120 45? 

J 

701.314 

42 

=03 

57.530 

2507152,5 

8057 270 

533, 0S4 

120.855 

1S3542 2 

571. 508 

3i 


68. 113 

2514121.5 

8282,871 

538. =00 

121.44= 

if M 4 3 

“51 C2* 

;■ 


50 585 

2523*25. 1 

8823 434 

541.455 

121 832 

iO?!^5.3 




58 078 

25332*5.3 

8852.005 

543 733 

122.415 

'5': i , 3 

?7C 'Efc 

15 


58 Sbc 

25''35E5 3 

10301 882 

545.534 

122 08* 

5=31= 4 

?IQ 

n 

- 

70 045 

253853= 1 

8883.514 

544. =33 

123 351 

“5231 0 

158 = = 0 

i: 


TO S2B 

2533525 8 

8857 252 

542 031 

123 054 

35*58 8 

130 ;:8 

6 

331 

71 01! 

252=453.5 

88=3 284 

541 504 

I?4 347 

b 

111 143 

b 

5*2 

71 483 

2531874.1 

8852.031 

541 038 

530 

'-“St g 

83 5 = 8 

c 

Cjc 

71.877 

2535215 3 

88*5 838 

542 281 

12 = 313 


h'* Erb 

1 

asE 

72,453 

254! 153.0 

888*. 504 

543.512 

125 *95 

124*= 7 

'^h. rzi 



72.843 

2538^=7 1 

88** 572 

54! 535 

125 2*8 

724.3 3 



504 

73.427 

2=35375 3 

887* 180 

541 578 
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Table 8-3. OMS and RCS Burn-Dump Sequencing for AOA (Pre-MECO) 
QMS RCS Burn-Dump Sequencing for AOA (Pre-MECO) 


OMS (2 Engines) * 
RCS (4 + XI 


,nillllllllllllll||iRcs::HQPa 


“"rom Liftoff (s) 260 

r 

1 

'.49 264.99 281 

.23 ; 

Time Intervals (s) | 

^-1 5 ■*- 

1 VtL , 

. bb — 

OMS (2 Engines) T 

12,140. 

^ — 16 . 24“^ 

11,920. 

4 " 

12,140. 

w 

38.74 

38.06 

38.74 

AWp 

174.33 

618.07 

174.33 

RCS (4 + X) T 

0.0 , 

3,480. 

3.0 

AWp 

0.0 

12.4 

0.0 

0.0 

201.37 

0.0 

Total OMS + RCS T 

12,140. 

15,400. 

12,140. 

w 

38.74 

50.46 

38.74 

AWp 

174.33 

819.44 

174.33 


285.73 


36 


«-77,31-» 

12, HO. 

38.74 
2,994.9 

3,640. 

13.3 

1,005.0 

15,780. 

51.74 
3,999.90 


T = Thrust (lbs); w-Flow Rate (Ibs/s), AWp = Propellant increment (lbs) 


CO 


.' 7 #’ ■>— , 

Of 


Table B-4. Variation of OMS/RCS Performance for Pre-MECO 
Abort (Single Engine Values) 


Data for RCS Jets Fueled from RCS Tank 
Number of RCS Jets Operating 


Acceleration 
Level 
(g' s) 


four + X 


Twel ve* 


hurst 

(lbs) 

Flow Rate 
(Ibs/s) 

(s,' 

Thrust 
(lbs ) 

Flow Rate 
(Ibs/s) 

870 

3.1071 

280 

S38 

2.9928 

950 

3.3928 

280 

920 

3,2857 


^Includes 4 + X thrusting RCS, remaining number are null RCS (used in 
^ pairs) vvith zero net -f X thrust 


Data for QMS and RCS Fueled from 0M5 Tank 


Number of 
RCS Thrusters 
Fi ri ng with 
One OMS 

QMS + 0 

OMS f 2 

OMS + 6 

OMS + 9 

OP*1S + 12 


Thrust (lb) 


Flow Rates (Ibs/s) 


Per OMS 
Engine 

Per RCS 
Thruster 

Per OMS 
Engine 

Per RCS 
Thruster 

Total 
One Pod 

6070 

- 

19.37 


19.37 

5960 

870 

19.03 

3.100 

25.23 

5690 

812 

18.21 

2.892 

35 . f 6 

5471 

775 

17.53 

2.749 

42.27 

5245 

738 

16. 84 

2-61C 

48-16 



3 

/ 

Mass Properties OiP'-:.' ■ 

^ Of .- ' .(•■' ■jt-MLilt 

a. Mass properties of elements 

b. Element weights 

Orbiter planning weight = 140,821 lb 
ET planning weight = 70,990 lb 

SSME planning weight = 20,484 lb 

c. MPS propellant weights 


ET nropellant weight at tg -5 min = 1,592,124 !b 
Orbiter MPS = 5,039 lb 

TOT MPS at to -5 min = 1,597,163 lb 

d. SRB weights 

SRB gross weight = 2,579,976 lb 
SRB inert weight = 365,722 lb 

e. FPR and Fuel Bias 


;3j) (2s) (2o) 

Normal AOA RTLS 


FPR (lb) 5767 

LH 2 Bias (lb) 1047 


3632 3107 

1100 1100 
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APPENDIX C-DERIVATION OF ERRORS AND UNCERTAINTIES 
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original 

OF POOR QuALlT/ 


9 

Y 


SRB Terminal Mismatch Data* 


Tirrie 

(Previous 
Data ) 

Left 

Motor 

(Low) 

Right 

Motor 

(High) 

(E'R (3 60 F 
flow Rate 
(Ibs/s) 

112.2 

1,577,500 

1,845,500 

6472.9 

113.4 

1 ,353,500 

1,923,600 

6 235.. 2 

114,6 

1,105,580 

1 ,775,580 

5672.7 

;i5.8 

721,700 

1,431,700 

4104 . 0 

117,0 

431,750 

1,011,760 

2791.1 

118.2 

3-31,640 

801, o40 

2143.6 

119-4 

246,470 

616,470 

1779.7 

120.6 

191,450 

ii81,450 

1430.6 

121.8 

164,470 

384,470 

1145.9 

123. G 

131,750 

291,750 

843.9 

124.2 

87,590 

137,590 

509.7 




(WTR 0 52 F' 

110.10484 

1,608,563.1 

1,881,840.4 

6596 . 1 

111.28243 

1 ,380,254 

1,961,478 

6404.8 

1 12.46002 

1,127,350 

1,810,544 

5780.6 

113.&3761 

735,911 

1,459,892 

4132. 6 

114. 81521 

440,26? 

1,03] ,683 

2844.2 

115.9928 

338,1/0 

817,425 

2134.4 

117.17039 

251,-323 

628,609 

1813.6 

118.34798 

195,220 

490,930 

1457,8 

119.52557 

167,709 

392.041 

1167.7 

120.70,317 

134,344 

297,495 

860.0 

121,88076 

89,315 

191,284 

519.5 


*Re^; BLOl (]l?-80}, ?9 May 1980 
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ORiGiriAt 
OF Poof: 


Darivation of the SRB Thrust 
Vector Anquidr Misalignment Error 


1) Cone 1/? angle 

i) 5RB/F.T center line misal ignment 

3) Electronics/actuatcr errors 


- 1.0 deg 
= 0.12 deg 
= 0.3 deg 


RCS 1,0309 

Average PSS ot 2 SREs - v'T/2 - x 0.70,? 

Resultant misalignment error = 0.7431 

Component of the actuator = x 0.707 
misalignment in the pitch 

or yaw plane (cosine of 45°) 0.5254 deg. 

0.5254 left, right (tilt, rock) per motor 

« 

I 



“Nozzle Pivot Center Shift" is included in the above. 


a. 7431 RESULTANT 
MISAl IGr:MENT 
ERROR 


C-3 
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Derivation of SSME Thrust Vector 
Angular Mi sal ignrrents (Pitch, Yaw) 


ORIGINAL PAGL :?■. 
OF POOR OUAUIY 


1 ) 

2 ) 

3) 


4) 

5) 
S) 



Engine *1 

Engine +2 

Erigi ne 

^3 


P 

_Y _ 

P 

Y 

P 

Y 

Actuator System (+) 

.534 

.441 

.537 

.606 

.537 

. 455 

15+ of Nominal Thurst (+) 
Structure Deformation 

. 098 

.060 

. 376 

.016 

.249 

,071 


Combination of: 


a) +0.25" installation tolerance \ 

b) +0.546'’ dynamic thrust vector { _ ^ , 

(includes +0.6 in. eccentri ci ty )| (P, Y) 

c +^0.09^ ET misalignment I 


Nominal thrust structure ^ 
deformation (deterministic) 


-.399 +.510 +.098 +1.663 -.476 


RSS (1), (2), and (3); add (4) per engine; then RSS 3 engines and 
divide by 3 

Results p Y 

+1.066 +.353 


-0.115 -.618 


7) Use largest of pitch, yaw values for simulation; P = +1.066, Y = +.618 


NOTE; (1), (2), and (3) are dependent on gimbal angle deflections 
(fl ight averaged ) . 
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Derivation of Accelerometer Errors 


ACCURACY 

Normal (g's) 

Lateral (q’s) 

a) 

AA null offset 
(includes vibration) 

0.021 

0.014 

h) 

AA noise 

0.020 

0.020 

c) 

MOM noise 

0.024 

0.006 

d) 

MDM bias 

0.025 

C.006 

e) 

AA scale factor 
R (0.028 x 0.20 g), 
Y (0.032 X 0.004 g) 

0.006 

n.ooo 





RSS 

to. 046 

+0.026 

f) 

MDM quantization 
(add 1/2 value) 

0,004 

0.001 



+0.050 

+0.027 


Apply mid-se1ect (x 0.67) 

+0.034 

+0.018 

ALIGNMENT 

Normal (deq) 

Lateral (deq) 

a) 

Accel . to AA axes i 



b) 

AA axes to body axes 1 

+0.43 

+0.43 

c} 

Bulkhead flexure (deterministic) 

0 

+0.23 



_+0.43° 

+0.66'’ 


Apply mid-select (x 0.57) 

_+0. 288'’ 

+0.442’ 
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Derivation of Rate Gyro Assembly Errors 
(Pitch, Yaw) 


ACCURACY: 


a) DC zero offset - 

Stati c 
Vibrational 

b) Threshold 


c) Hysteresis 

d) Linear acceleration i p 

sensitivity (Q.05’/S/g) |Y 

9 ) Linearity 

f ) Scale factor / p 

I Y 

g} IVoisG 

h) Angular acceleration 
sensitivity (0.003 deg/s^) 

i ) Zero offset due to 
temperature variations 

j) MOM - 

Noi se 
bias 

«SS jP 

k ) MOM quantization x 1/2 

SUM I P 


Apply mid-select factor (0.67) 


Average RSS of 2 SRBs (xv?72) 


DEG/5 


= 0.10 

= 0.15 


= 0.02 
- 0.02 

^ 0.05 X 0.15 ■c 0.008 
- 0.05 X 0.002 = 0.0 

= 0.05 

= 0.051 X 0.5 ^ 0.026 
= 0.051 X 0.1 - 0.005 

= 0.05 

= Megligible 


= 0.002 X 40 - 0.08 


= 0.12 
= 0.12 


= 0.273 
= 0.271 


= G.Q59 

= 0.332 
= 0.330 

= 0.222 


NOTE: RGA misalignment (+0.744 deg) neglected 
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3a MECO Targeting Errors (+) 


NORMAL 

NAV 

G&C 

RSS 

AVi (fps) 

9.27 

7.95 

12,21 

Ayi (deg) 

0.041 

0.06 

0.073 

Ar (ft) 

2016,0 

1155.0 

2323.0 

Ai (deg) 

0,103 

-- 

0.193 

AOA 

AV 

10.21 


12.94 

AT 

0.04 

SAME 

0,072 

Ar 

3148.0 

AS 

3353.0 

Ai 

0.084 

ABOVE 

0.084 

RTLS 

AV 

10.04 

SAME 

12.88 

Ay 

0.038 

AS 

0.071 

,\r 

2310.0 

ABOVE 

2583.0 


NOTES; 

1) The variables are treated independently. 

2) Nodal errors neglected. 
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appendix D-computer program for dispersion ANAI 


The following ASCII Fortran computer program has been written 
to facilitate the RSS analysis performed on the dispersed set of 
trajectories. Also provided via this program is a tabular listing of 
the time ordered dispersion as a function of the dispersion type. 
Output of this program has been compiled in Appendices F, G, H, and I. 



('« R < nC|EO NO-iie 
cki<iPicrER*b iri?),MiME<n 
CH»R»CIER*1? JUbt 



VJ U o u 


O LJ O I 


^ ^ 




•r, tr\ W> W\ if f Jf ^ ^ 


3 3 3 ^ y l/^ iT k.' «f' 


•- (t 
• ♦ 

•• » 



0-2 


Ph'OPULSIOH 
H L'7n/£ MV I i3044**t Mf 
HA'iS PQ0P£:?M 
TN^C 


ORfQfNAL s 

OF POG,^ QL A.rJY 



i^l^l TMb, 

H fOOM*tu«.‘ msnfc in »£*o»Nri ritf hm 


ORIGINAL PAGE (3 
OF POOR QUALITY, 



0-4 


90 comiwuE 

IF ir OL T. ir>0. 4NO.UtOP.EO.OI so TO 10 
L» -L » » 1 
Lf Jlp ;7?99 

WP]TEI«*LRi v«p,Lv*p ■ • 

SfOP 


ORIGINAL PAGE 

OF POOR QUALITY 


ft 

!0 


ft 


^ V 1 s ^ 

NN fVJ ^ 

• «!♦ * •• 

•># «f j_ •• 

-* « Or» • • 

** * O li/) lA <u 

• «n ^ 

IN M « » » art 

U £ IM K X 2 


»x:z.jxx4rx ^ 
9 A ftia (K a ex o w 
C00i00<-<07« 


o o Q lO <A o n 
o n -M 


c M ^ ^ 9 I 


®C- 

N,p». Ti®4®.c«(f5 <n«t 


(Reverse Blank) 

0-i 


J 


OF POO' , _ 

APPENDIX E-COMPUTER FILE INPUT/QUTPUT REQUIREMENTS 

Two resident files associated with Mission 1 and Mission 3A are 
provided on the MSFC Uni vac computer system. These files are direct 
access files which contain time ordered data associated with all 
trajectories which have been simulated in this study. This apoendix has 
been written to aid the future use of these files by defining their 
input/output requirements. 

The structure of each file is the same for both missions and 
therefore the input/output requirements can be treated in a generic 
fashion. A file is made up of 16,000 records and each record consists 
of 13 words. In a Fortran program, the programmer must have the 
following statement before any executable statements: 

'DEFINE FILE N(16000,13,U,1P) ' 

The letter N is given a numerical value depending on the 
prograiTimer ' 5 choice of file numbers. This file will be identified by 
proper control cards to assign the chosen numerical value to the stored 
file. The 16000 and L3 refer to the number of elements and words per 
element, respectively. The llnivac programmer's manual snould be 
consulted for the additional parameters on this statement. 

The Fortran read statement for this file is the following: 
'REAO(M'NRlVAR,IVAR' 

where 

N - file number 

NR - number of requested record (1 to 16000) 

VAR ' a storage array consisting of 12 parameters; 

(1) - time from liftoff (s) 

(?) - angle of attack (a) (deg) 

(3) - sideslip angle (B) (deg) 

(A) .. aerodynamic heat.nq indicator (BTU) 

(6) - dynamic pressure (Ib/ft^) 


<• 

1 






(6) - altitude (ft) 

(7) - earth relative velocity (ft/s) 

(8) - airspeed (ft/s) 

(9) - radius from the earth's center (ft) 

(10) - inertial velocity (ft/s) 

(11) - inertial flight path angle (y) (deg) 

(12) - Mach number 

IVAR - multipurpose variable flag used to specify the contents 
of the records. Table E-1 identifies the wav the 
variable is used. 

All trajectory cases are stored within a maximum of 200 records 
and therefore the start of each trajectory will begin at some multiple 
of 200 plus 1. The normal mode of reading this data is to interrogate 
the starting record which indicates by the ^<alue of IVAR the type of 
trajectory and continuing reading seguential records until the value of 
IVAR is equal to 9999 (which specifies the end of the trajectory data). 

The only data on the file that do not correspond to the above 
definition of the VAR array are associated with IVAR = 5100. In this 
case, the VAR array is defined in the following manner: 

VAR(l) - time from liftoff (s) 

(2) - positive RSS dispersion for aerodynamic heating 

indicator 

(3) - negative RSS dispersion for aerodynamic seating 

indicator (value is positive in sign) 

(4) - positive RSS dispersion for angle of attack 

(5) - negative RSS dispersion for angle of attack 

(6) - positive RSS dispersion for sideslip angle 

(7) - negative RSS dispersion for sideslip angle 

(8) to (12) - (not used) 
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Table E-]. Interpretation of IVflR i/ariables 


0000 


VAR contains data 

9999 


Terminal point nas been reached for this trajectory 

___0 


Positive dispersion (the parameter is perturbed in . 
positive sense) 

...1 


Negative dispersion (the parameter is perturbed in - 
negative sense) 

0010 


The following data are the nominal trajectory 

1 ... 


The following data are related to propulsion 
dispersion parameters 


101. 

SRB with action time 


102. 

SRM terminal thrust mismatch 


103. 

SRM specific impulse 


104_ 

SRM steady state thrust mismatch 


105. 

SRM steady state "'ific impulse mismatch 


106. 

SRM thrust mi sal i gr.ment (pitch) 


107. 

SRM thrust misalignment (yaw) 


108. 

SSMR vacuum thrust 


109. 

SSME vacuum specific impulse 


no. 

SSME thrust misalignment (pitch) 


111. 

SSME thrust misalignment (yaw) 

2 


The following data are related to aero/environment 
dispersion parameters 


201. 

Axial force coefficient 


202. 

Normal force coefficient 


203. 

Pitch moment coefficient 


204. 

Side force coefficient 
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Table E-1. Interpretati on of IVAR Variables (Continued) 


205. 

206. 
207. 

I 208. 

I 3... 

I 

j 301. 

302. 

303. 

304. 

305. 

306. 

307. 

308. 

309. 

4... 

401. 

402. 

403. 

404. 

405. 

406. 

407. 


Yaw moment coefficient 
Roll moment coefficient 
Base force 

Atmosphere (hot 2080, cold 2081) 

The following data are related to mass properties 
dispersion parameters 

External tank propellant weight 

SRB propellant weight 

SRB inert weight 

Second stage inert weight 

First stage longitudinal center of gravity 

First stage lateral center of gravity 

First stage normal center of gravity 

Second stage longitudinal center of gravity 

Second stage normal center of gravity 

The following data are related to GN&C dispersion 
parameters 

Accelerator error (pitch) 

Accelerator error (yaw) 

Rate gryo (pitch) 

Rate gyro (yaw) 

Inertial measurement unit (IMU) platform 
error (pitch) 


] 

/ 


408 . 


IMU platform error (yaw) 
IMU platform error (roll) 
MECO targeting 



original ^ - 

0p pr,'' 'j 


Table E-1. Interpretation IVAR variables (Concluded) 


The following data are related to the composite and 
wind related trajectories 

Composite 

Composite plus head wind 

Composite plus right quartering head wind 

Composite plus right cross wind 

Composite plus right quartering tail wind 

Composite plus tail wind 

Composite plus left quartering tail wind 

Composite plus left cross wind 

Composite plus left quartering head wind 

The following data are time ordered RSS 
values for positive and negative dispersions 
of aerodynamic heating indicator, angle of 
attack, and sideslip angle 
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